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Abstract 
ZnO with cube-like nanostructures have been fabricated on tin-doped indium oxide (ITO) coated glass substrates via 
electrochemical deposition method.  The electrolytes used containing equimolar of zinc chloride (ZnCl2) and potassium chloride 
(KCl) ranging from 0.05 M to 0.2 M.  The samples produced subsequently were examined by field emission scanning electron 
microscope (FESEM), x-ray diffractometer (XRD), energy dispersive X-ray (EDX) spectroscopy and current transient profile.  
The average size of the cube-like nano ZnO materials, as observed from FESEM images is decreased from 207 nm to 102 nm 
with increasing of electrolytes concentration.  The XRD measurement indicated that the as-deposited nanostructures are 
converted from amorphous to hexagonal wurtzite ZnO phase after heat treatment at 600 °C for 3 hours.  Photoresponse 
measurement revealed that the grown sample is sensitive to the 372 nm ultraviolet (UV) light. 
© 2016 The Authors. Published by Elsevier B.V. 
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Nomenclature 
CVD      chemical vapor deposition 
DI          de-ionized 
ECD      electrochemical deposition 
EDX      energy dispersive X-ray 
FESEM  field emission scanning electron microscope 
ITO tin doped-indium oxide 
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MBE      molecular beam epitaxy 
SMU      source measure unit 
UV         ultraviolet 
XRD x-ray diffractometer 
1. Introduction 
ZnO is a II-VI semiconductor with wide direct band gap of 3.37 eV at room temperature1, 2.  It received great 
interest in fabricating high-performance optoelectronic devices such as light emitting diodes, laser diodes, ultra-
violet range detecting devices, chemical sensors, solar cells3-6 and etc. 
Various methods have been reported to grow ZnO such as chemical vapor deposition (CVD), molecular beam 
epitaxy (MBE), sputtering, thermal oxidation, electrochemical deposition (ECD)6-10 and etc.  Among the 
aforementioned, ECD is found to be the most interesting as it offers simplicity, fast growth rate and cost 
effectiveness8, 9.  
There are two issues need to be heeded when ECD is used to grow high-quality ZnO nanostructures, a conducting 
solution and post-annealing treatment11.  In most of the reported works, KCl was used as a supporting electrolyte to 
ensure good conductivity in aqueous solution11, 12.  However, chlorine will be incorporated together with the ZnO 
nanostructures, which affects its structural and electrical properties.  Thus, post-annealing has to be done after the 
electrodeposition to remove the incorporated chlorine and crystallized the electrodeposited ZnO nanostructures8, 11.   
The deposition reaction in aqueous ZnCl2 solution and the formation of hydroxide ions from oxygen and water 
can be described as follows12: 
                                                          ܪଶܱ ՜ ʹܪା ൅ ܱܪି                                                                                     (1) 
                                                   ܼ݊ଶା ൅ ʹܱܪି ՜ ܼ݊ሺܱܪሻଶ                                                                              (2) 
                                                           ܼ݊ሺܱܪሻଶ ՜ ܼܱ݊ ൅ܪଶ                                                                                   (3) 
 
In this work, we report the fabrication of ZnO nanostructures under different concentrations of electrolyte and its 
structural properties and photosensitivity will be determined subsequently. 
2. Material and methods 
ZnO nanostructures were grown by ECD technique in an electrolyte containing ZnCl2 and KCl ranging from 0.05 
M – 0.2 M with increment of 0.05 M per experiment.  The molar ratio of ZnCl2 and KCl was kept at 1 throughout 
the experiment.  
The electrodeposition of cube-like ZnO nanostructures were performed on the conductive side of the ITO coated 
glass slides, which acted as the working electrode while copper wire as counter electrode.  Prior to electrodeposition, 
the ITO substrates were cleaned in acetone, methanol and de-ionized (DI) water for 5 minutes each in an ultrasonic 
bath and dried under air flux.  The copper wire was sanded by abrasive paper to remove the native oxide layer and 
then rinsed with isopropanol.  
A beaker filled with electrolyte was immersed in a water bath where the whole setup was heated on a hotplate at 
90°C.  Then the electrodeposition was carried out with voltage of 8V using a Keithley 2400 source measure unit 
(SMU) that interfaced to a computer.  
The surface morphology and elemental composition of the samples were characterized using FESEM and EDX 
(Nova NanoSEM 450).  Meanwhile, XRD patterns (PANalytical X’Pert PRO MRD PW3040, CuKα1 with 
wavelength 0.154 nm, settings at 40 kV, 30 mA) were used to determine the structural properties of the samples.  
The photoelectric transient profile was measured by Keithley 2400 source measure unit (SMU) with constant 
potential of 15 V.  The peak wavelength and power of the UV source are 372 nm and 36 W, respectively.  The 
distance in between the sample and  light source was about 2 cm. 
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3. Result and discussion 
3.1. Morphological characterization 
 
Fig 1: FESEM image of ZnO nanostrcutures grown on ITO substrate. The corresponding electrolyte concentrations are (a) 0.05M, (b) 0.1M,    
(c) 0.15M and (d) 0.2M. Preparing conditions: T = 90 oC, t= 4 hours, Potential difference = 8 V. 
 
    FESEM was used to inspect the morphological properties of the as-grown ZnO nanostructures.  Based on Fig. 1, 
the FESEM images with the same magnification revealed the grown nanostructures are cubic-shaped.  An obvious 
change of morphology and dimension of the grown ZnO with respect to electrolyte concentration was observed.  
The size of cube-like ZnO nanostructures gradually decreases with increasing of electrolyte concentrations, i.e. 
cubic width decreases from 267 nm to 102 nm.   
    Such observation was expected because nanostructures size generally has a close relation with the electrolyte 
concentration.  From most of the reported works, the amount of Zn2+ ions derived from the electrolyte will increase 
along with electrolyte concentration, thus more nucleation sites are generated to grow ZnO eventually will lead to 
compact growth of nanostructures13.  However, our FESEM image shows the size of ZnO nanostructures decreasing 
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as the concentration increase.  This is because Zn2+ ions have reacted with OH- ions to form Zn(OH)2 as shown in 
equation (2).  Hence, this leads to an increased in H+ ions, as shown in equation (1) which will cause the electrolyte 
slowly turns acidic.  Since, ZnO can be easily etched in acidic solution14, 15, the bulk-like as grown ZnO 
nanostructures have slowly etched to cube-like and finally become distorted in shape with the increase of electrolyte 
concentration.  So, we can conclude that as the concentration of ZnCl2 and KCl electrolytes increase, the etching 
rate will be faster than the growth rate of ZnO.  
3.2. Chemical characterization 
 
 
Fig. 2: EDX spectrum of electrodeposited ZnO nanostructures on ITO substrate from chloride medium with concentration of 0.15M. 
 
    Fig. 2 shows the EDX spectrum of the electrodeposited ZnO nanostructures on ITO/glass substrate with 
electrolyte concentration of 0.15 M.  Elemental Zn, O, In, Sn, Si, and Cl can be noted from the spectrum.  It can be 
distinguished the surface of ITO/glass substrate mainly composed by Zn and O elements.  The following elements 
are In, Sn and Si which contributed from the ITO and glass slide.  Elemental Cl was also seen in EDX spectrum, 
which suggests it has been incorporated into the ZnO nanostructures.  
 
Fig. 3: Ratio of [Cl] : [Zn] for the ZnO nanostructures as a function of electrolyte concentration from 0.05 M to 0.2 M. 
    Crystalline quality could be affected by the presence of contaminants in sample11, in this case Cl was incorporated 
in ZnO nanostructures.  Fig. 3 shows the Cl : Zn ratio graph for each sample, it revealed that the ratio decreases as 
the electrolyte concentration increases.  This can be explained from the aspect of electrochemical process.  During 
electrochemical deposition, as both concentrations of KCl and ZnCl2 increase, the amount of ZnO grown on the 
substrate is also increased (as shown in FESEM images in Fig. 1) this implied that the deposition of Zn2+ ions is 
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much higher than the incorporation of Cl- ions, therefore the Cl : Zn ratio will be gradually decreased as the 
concentration of the electrolyte is increased.  
Although the Cl : Zn ratio difference between sample grown of 0.15 M and 0.2 M is insignificant, when referred 
to their respective FESEM images, sample grown with 0.15 M is best suited for further characterization due to 
higher surface to volume ratio.   
3.3. Structural characterization 
 
Fig. 4: XRD patterns of the ZnO sample grown with 0.15M concentration for as-grown and annealed condition. 
    The XRD patterns of both annealed and as-deposited ZnO on ITO substrates are shown in Fig.4.  From there, it is 
clearly shown that the as-deposited ZnO is amorphous due to the absence of diffraction peak.  Meanwhile, the 
annealed ZnO sample shows a reflection peak at 34.37°, indicating it is (002) reflection of hexagonal wurtzite ZnO.  
In addition, the intense (002) peak also suggests that the preferred growth orientation of ZnO nanostructures are 
oriented along the c-axis.   
    When compared to the ZnO PDF card (00-001-1136) XRD database, the (002) plane reflection is at 34.33°, lower 
than what we obtained.  The slight peak shift could be due to imperfections within the crystalline lattice, including 
vacancies, interstitials, and etc. 
    As ZnO crystallized into hexagonal wurtzite structure, the plane spacing is related to the lattice constants a, c and 
the Miller indices by the following relation11: 
                                                     ܿ ൌ  ఒୱ୧୬ ఏ                                                                                      (4) 
and 
                                ଵௗሺ೓ೖ೗ሻమ ൌ 
ସ
ଷቀ
௛మା௛௞ା௞మ
௔మ ቁ ൅
௟మ
௖మ                                                     (5)        
 
where d is the d-spacing corresponding to the Miller indices h, k and l.  
However, since our XRD result shows only (002) ZnO, thus only equation (4) can be used to calculate lattice 
constant c.  The calculated lattice constant c in this work is 5.212 Å while that of pure ZnO c = 5.207 Å5.  This 
demonstrated an expansion of the lattice parameter, which believes to be caused by the interstitial incorporation of 
chlorine content.  It would be expected when ions of O¯ are replaced by Cl-, where Cl- ions have larger ionic radius 
(r(Cl-) = 0.181nm) than O- (r(O-) = 0.140nm)11.  
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3.4. Photoresponse characterization 
 
Fig. 5: Sensitivity of the photoresponse of ZnO sample at 372nm wavelength UV light. 
 
    It is known that oxygen chemisorption is regulating the photosensitivity of bulk or thin film ZnO.  As shown in 
Fig. 5, in dark environment, the current transient profile shows a low current conductivity.  This can be explained by 
the oxygen molecules adsorbed on the nanostructures surface that is negatively charged by capturing free electrons 
from the n-type ZnO, in turn creating a depletion layer with low conductivity on the sample surface6, 16, 17: 
                                                     ܱଶሺ݃ሻ ൅ ݁ି ՜ ܱଶି                                                                     (6) 
 
    When the UV light is turned on, the current sharply increases.  This is because of the electron-hole pairs are being 
generated, subsequently the UV generated holes migrate to the surface and discharge the adsorbed oxygen ions 
through surface electron-hole recombination: 
 
                                                   ା ൅ܱଶି ՜ ܱଶሺ݃ሻ                                                                        (7) 
 
    Concurrently, the unpaired electrons accumulated gradually with time, which significantly increases the 
conductivity of the device.  As the UV light is turned off again, a slow decay in photoresponse could be noted, 
indicating the presence of persistent photoconductivity.  
    Generally, the photocurrent on-off ratio:  (ΔI / Idark) × 100% is used to determine the sensitivity for an 
optoelectronic device, where ΔI =  Ilight - Idark, Ilight and Idark are the current under the illumination and in the dark, 
respectively.  Besides that, the value of ΔI can be determined by the formula below also18: 
 
                                             ȟ ൌ 
 ቀ௘௉ᇲ௛௩ ቁ                                                                           (8) 
 
where G, e, P’, h, and Q are photoconductive gain, electronic charge, effective light power received by the 
nanostructures,  Planck’s constant, and  frequency of the incident photon, respectively.  From the equation (8), the 
value of P’ is directly proportional to value of ΔI.  As the value of P’ increases, the sensitivity of device will be 
improved.  
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Fig. 6: Schematic diagram of the ZnO sample for photoresponse measurement when UV light source is turned on. Note: Assuming  ܫ ൎ ܫԢ  
 
    Fig. 6 shows the schematic diagram of ZnO sample during photoresponse measurement.  In this figure, we have 
clearly labelled each crucial representative position in terms of mathematical symbol that will be used in equations 
(9) and (10). 
    Prior to the calculation of the effective light power received by the nanostructures, ܲᇱ which can deduce and 
determine the sensitivity of device, we have to go through some calculation.   The value of intensity of cylindrical 
light source, I, can be related by: 
                                                      ܫ ൌ ௉஺೎೤೎೗೔೙೏೐ೝ                                                                               (9) 
 
where P, I and ܣ௖௬௖௟௜௡ௗ௘௥  are power of UV cylindrical light source, intensity of cylindrical light source and area of 
cylindrical light source, respectively.  
    Then, we assumed the intensity from cylindrical light source, I to be approximately the same as the intensity 
received by the nanostructures, ܫᇱ (ܫ ൌ ܫᇱ) since they are 2cm apart, which is deemed very close.  Lastly, we are able 
to estimate the value ofܲᇱ, effective light power received by the nanostructures by using the formula below: 
 
                                           ܲᇱ ൌ  ܫᇱǤ ܣ௖௨௕௜௖                                                                         (10) 
 
where ܲᇱ, ܫᇱ and  ܣ௖௨௕௜௖  are the effective light power, intensity of light received by the nanostructures and total 
exposed surface area of ZnO nanostructures, respectively.   
    From FESEM images as shown in Figure 1, we can notice that the size of cubic structures has been reduced 
gradually as concentration increased, subsequently, the total exposed area would be increased.  Based on equations 
(10) and (9), the higher the value of total surface area exposed, the higher the value of ܲᇱ and eventually the higher 
ΔI value.  In other words, increase of the surface to volume ratio will enhance the sensitivity of the device.  For 
example, the sensitivity of ZnO sample grown in 0.05M and 0.15M are 15.02 %and 17.85 %,respectively.  
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4. Conclusion 
Cube-like ZnO nanostructures were successfully deposited on ITO coated glass substrates by simple and 
inexpensive electrochemical deposition method.  The effects of electrodeposition parameters played important roles 
in controlling the morphology and average size.  As concentration increases, the nanostructures become smaller.  
Electrodeposition in chloride medium causes peak shift in XRD patterns due to the incorporation of chloride ions.  
The preferred growth orientation of electrodeposited ZnO is (002) plane.  The photoresponse of the samples was 
affected by the size of ZnO nanostructures as expected, i.e. the sensitivity of ZnO sample is enhanced to 17.85 % 
when it is grown in 0.15 M which has the highest surface to volume ratio via its FESEM image. 
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